A simple backward-looking Taylor rule is estimated in a time-varying coefficient framework with quarterly German data for the period . Markov switching models and the Kalman filter are used to extract the unobservable paths of the coefficients. The main finding is that the inflation aversion of the Bundesbank was not constant over time and exhibits some sudden and large shifts during the period of monetary targeting. There are phases with low and with high inflation aversion. This could for example explain why the estimated value of the inflation coefficient in backward-looking Taylor rules often does not exceed one and so violates the implications of theoretical monetary policy models. Moreover, the results provide evidence that the Bundesbank followed the so-called "opportunistic approach" to disinflation.
Bundesbank in the period of monetary targeting. The focus of the Bundesbank policy on the inflation control is well known and therefore the emphasis of the current econometric analysis is put only on the changes in the reaction to inflationary developments. The research strategy is very simple. Firstly, a linear Taylor-like reaction function with partial adjustment is estimated.
The linear specification with dynamic adjustment serves as a benchmark for the following state space specifications. Secondly, the coefficient, which is responsible for the Bundesbank reaction to inflationary development, is allowed to vary over time in the state space framework. Then the results of the linear and state space estimations are compared. The variation of only one coefficient in the equation makes the estimation more stable and easy to interpret than the variation of all coefficients. In particular the Markov switching models and Kalman filter are used to estimate the changes in the inflation aversion of the Bundesbank.
The reason for the choice of Markov switching models and Kalman filter in the current empirical investigation is the extraordinary flexibility of this class of models. In both models the dynamics of state variables is assumed to be exogen, which allows to avoid the choice of an explicit transition function and transition variables like in STR-or in SETAR-models. Thus, no explicit assumptions about how the Bundesbank changes the design of its own policy over time are necessary in the empirical investigation. In the case of this paper this is not a disadvantage, because no estimation of a model with any predictive power in relation to the changes in the monetary policy is purposed.
The layout of the article is as follows. Section 2 describes the model and econometric tools used for its estimation. Section 3 provides a brief description of the data used for the estimations and its properties. The empirical results are collected in section 4. The final section provides a possible interpretation of the results and some concluding remarks.
The model and econometric tools 2.1 The model
The structure and parameters of the Taylor rule are well known:
i t =r + π t + 0.5(π t −π) + 0.5x t (1) or in other form
wherer andπ are the constant values of the real interest rate and the inflation target of the central bank under consideration. i t is the short-term nominal interest rate, which is assumed to be monetary policy instrument of a central bank under consideration. Finally π t and x t are inflation and output gap. Taylor (1993) shows that this monetary policy rule yields a good performance describing the behavior of the Fed in the period 1987-1992.
The functional structure of the Taylor rule is supported through theoretical implications of the new-keynesian models. For example, Clarida, Gali, Gertler (1999) assume a quadratic loss function of a central bank and forward looking behavior of economic agents and show that the optimal policy rule has the following form
where γ π > 1, γ g > 0 and π t describes the deviation of inflation from the target of the central bank. 1 g t could be interpreted as a demand shock. The result that γ π > 1 has crucial empirical implications and means that a rise of the short nominal rate in response to a rise of the inflation gap is high enough to cause also a rise in the real interest rates. Thus the estimated value of γ π can be used as a very simple measure of the monetary policy "quality". A good monetary policy should put emphasis on fighting inflation and so lead to an estimated value of γ π > 1.
The version of the equation (2), which can be estimated, has three unknown parameters
where α =r +π. No forward-looking specification are considered and estimated in this paper.
The reason for this restriction is the concentration on the estimation of time-varying coefficients, while most empirical studies incorporating forward-looking behavior are accomplished under the assumption of parameter constance.
The assumption of the constant inflation targetπ often turns out to be not very realistic.
This assumption is slightly relaxed in the context of the current analysis. The inflation goal published officially by the Bundesbank is used as a measure forπ, denoted below byπ t . The equation (4) is rewritten accordingly
where the real interest rater is estimated directly. The problem is that the estimated residualŝ u t often contain strong autocorrelation of the first order. This phenomenon is called interest 1 In this case i t denotes the deviation from the long-run equilibrium value of the nominal short rate.
rate smoothing. There is no satisfactory theoretical explanation for this effect and therefore in most econometric estimations the problem is solved simply by adding a lagged interest rate as a regressor. The equation (5) is transformed as follows to incorporate the interest rate smoothing:
In the case of the autocorrelation of an order higher than one (6) is easily generalized in the following way:
where ρ = p j=1 ρ j is a persistence measure. The specification (6) or its generalized version (7) is estimated with different econometric methods. The results are reported in section 4.
Markov switching models
In the Markov switching framework a subset of the parameter set of an econometric model is modelled as a function of a real valued discrete unobservable Markov chain. Thus, one cannot say with certainty, in which state the system is at an assigned time t. Only a probability to be in state j at the time t can be inferred. A good introduction about the theory and application of Markov switching model is available for instance in Hamilton (1994) . On the other side Krolzig (1997) provides a very deep and detailed discussion of this class of econometric models. In the remaining part of the subsection a brief formal description of the Markov switching framework is provided.
Let {s t } ∞ t=1 be a sequence of discrete random variables with sample space Ω = {1, 2, . . . , N }. The sequence {s t } ∞ t=1 is called to be a Markov chain of the first order, if the following statement is true: are the best inference about the unobserved state s t , because they contain all information available to an econometrician. A nonlinear recursive algorithm for the extraction of filtered probabilities can be derived using the calculation rule for conditional probabilities:
Another recursive algorithm uses the filtered probabilities as input to calculate smoothed probabilities. For the derivation and deeper discussion of both algorithms it is referred to Hamilton (1994) or Krolzig (1997) to keep the extent of the current paper within a limit.
The forecasted probabilities P r{s t = j|Y t−1 , Θ} can be used to derive the conditional density of the dependent variable
which leads to the conditional likelihood function
The ML-estimates are now obtained through the maximization of the conditional loglikelihood
To perform the estimations, the equation (6) under assumption of normality of u t is directly used for the evaluation of the loglikelihood (11). As mentioned above, only the coefficient responsible for the reaction of a central bank to inflation gap is allowed to vary over time. So the model (6) in the Markov switching case is written as follows
where s t is a first order Markov chain as stated above. The number of regimes is assumed to be two, s t ∈ {1, 2}. The BFGS maximization procedure implemented in Ox 2 is used to obtain the ML-estimates of specification (12).
Kalman filter
In the remaining part of the section a brief formal description of Kalman filter and corresponding state space framework is provided. The concept of Kalman filter was developed by Kalman (1960 Kalman ( , 1963 and is based on the state space representation of dynamic systems.
In the state space framework it is possible to extract the moments of unobservable stochastic components from observable stochastic processes.
Let y t be a vector of observable variables and α t an unobservable vector of state variables.
Then the state space representation of a linear dynamic system can be written down as follows
where c t , d t are vectors and Z t , T t matrices, which are also allowed to be time dependent. ε t and v t are i.i.d. errors processes allowed to be correlated. Equation (13) 
Conditional covariance matrices can be assigned to each expectation term above
For the derivation and deeper discussion of Kalman filter, it can referred for example to Hamilton (1994) or Durbin, Coopman (2001). As in the case of Markov switching the filtering algorithm can be used for the evaluation of the likelihood function under some distributional assumption, for example normal distribution
which leads to the loglikehood function
For the empirical purposes of this paper it is assumed that the coefficient β follows a random walk. Now the equation (6) can be written as follows
No correlation between u t and v t is allowed, otherwise the unsystematic monetary policy would influence the parameters of systematic monetary policy in the long run, which is not a very feasible assumption. The ML-estimation is performed using EViews 4.1, which allows the estimation of a relatively large class of state space models.
Data
All estimations are performed for the period 1975(1)-1998(4) with quarterly German data.
The day-to-day German market rate (so called overnight rate) is considered as the monetary policy instrument of the Bundesbank and is the dependent variable in all equations.
The output gap is an unobservable time series and has to be extracted from the available observable time series of the German GDP. The time series of the GDP used for the calculation of the output gap is seasonally adjusted by using X12-ARIMA (adjusted for outliers and calender effects) and is based on the ESVG 95 standard for GDP calculation. This time To perform the estimation of the policy rule with time dependent inflation targetπ t , the inflation target of the Bundesbank is used. It can be derived from the Bundesbank's formulation of its target for monetary growth as published in its monthly reports. These figures until 1993 are for example collected in Clarida (1996) and were also employed in this paper. The period from 1994 until 1998 was filled with figures from the monthly reports of the Bundesbank. Both time series, π t andπ t , are displayed in figure (1).
Empirical Results
As outlined above three specifications are estimated. The first specification is a special case of term (7) and is estimated with nonlinear least squares. Then, the Markov switching specifica- Standard errors, which corresponds to the estimated coefficients, can be found in brackets.
Firstly, the estimated version of (7) is presented. The first and fourth lagged interest rate are found to be significant. 
The estimated value of the inflation coefficient is smaller than one,β < 1. This result is unsatisfactory from the theoretical point of view. It indicates, that the Bundesbank does not sufficiently rise the short nominal rate i t in response to a rise in the inflation gap and therefore no rise in the real interest rates results. Furthermore, the Jarque-Bera test statistic indicates nonnormality of residuals, which can be explained through the presence of outliers in the residuals. Now, the Markov switching estimation is presented. In this case only the first lag of the short rate was significant and sufficient to remove the autocorrelation structure from the residuals.
Estimation sample : 1975(2) − 1998(4) 
First of all, the notation has to be explained. The smoothed state variable β t given the estimated parameters is denoted byβ t|T . In other words,β t|T can be described as the estimated 
Concluding Remarks
The main empirical result of this paper is the instability of the Bundesbank reaction to inflationary developments in Germany. But there is evidence from both empirical methods used in the paper, that this is an instability only from a linear point of view because structural breaks found in the data do not have any irreversible nature and seem to be caused through the nonlinearity of the Bundesbank reaction function.
The instability and possible nonlinearity in the estimations can be interpreted as an asymmetry in the reaction function of the Bundesbank. In this case the Bundesbank strongly reacts to the positive deviation from its own inflation target. On the other hand during the deflation phase in the second half of the eighties no significant reaction to this development could be found.
The results in some other papers supports the results of the current work. For example, Clar-ida, Gertler (1996) found the estimated policy rule of the Bundesbank to be asymmetric.
Clarida, Gertler (1996) estimate a Taylor An asymmetry of the Bundesbank reaction function in respect to the inflationary developments may be caused by the existence of short-run nonlinear convex Phillips curve. The convexity of the Phillips curve implies that at any given point on the curve, the inflation increase associated with an incremental decline in the unemployment rate exceeds the inflation decline associated with an equal rise in the unemployment rate. The main difference between the linear and convex Phillips curves that in case of convexity, the short-run tradeoff facing policymakers is a function of the state of the economy: a one percentage point decline in the unemployment rate leads to a smaller increase in inflation given high unemployment rates than in case of low unemployment rates. There is some theoretical evidence that the convexity of Phillips curve may induce an asymmetric form of the loss function that the central bank chooses to minimize, which could result in the so called "opportunistic approach" to disinflation. The "opportunistic approach" to disinflation is a monetary policy strategy in which the central bank is fighting against any incipient rise in inflation, but waits for the next favorable inflation shock to lower inflation toward the target, rather than seeking to actively lower inflation in a manner that pushes the unemployment rate higher. The results of this paper may suggest the theoretical result. As outlined above the switches to the high inflation aversion regime could be caused by the sharp or long rises of inflation. 4 On the other hand there are no significant reaction to inflation during the phases of of its decline.
Some remarkable examples for the "opportunistic approach" can be found in Blinder (1997) . An estimation with monthly data or a forward-looking specification could provide a starting point for further research. Another possibility to extend the current work is a comparison with the estimated monetary policy rules in other countries.
